We develop an endogenous growth model in which technological progress raises the e±ciency of time allocated to education, and knowledge and ideology play complementary roles in determining individuals' e±ciency units of labor input. A higher supply of aggregate units of e±ciency labor generates incentives to invent new technologies because it raises the monopoly rents from the introduction of such technologies. We show that economies with initally more \fact-consistent" ideologies are likely to invest more in education and as a result experience faster technological progress and growth. Somewhat paradoxically, we also demonstrate that relatively more fact-consistent ideologies are the ones likely to experience weakening support. Adherence to°exible ideologies that evolve over time remains high even in the long run. When there exists a feedback loop between education and ideology, a°awed ideology may be better for growth and development than no ideology. Finally, the frequency with which ideologies are adopted and spread may be decreasing in the sophistication of technology.
\There are no truths, only interpretations." Frederich W. Nietzsche (1844 Nietzsche ( -1900 .
Introduction
A salient feature of ideologies is that they help individuals make generalizations about the complex environment within which they operate and about which they have incomplete knowledge.
1 Accordingly, ideologies not only in°uence how individuals interpret their experiences but they also complement the factual information they possess.
Implicit in these assertions is the notion that ideologies may be economically useful.
Indeed, the roots of the idea that ideologies help to serve an economic purpose can be traced back to Adam Smith who recognized one form of ideology, religion, as a rational means for individuals to enhance their human capital.
2
The ideology and human capital interaction can also be found in Azzi and Ehrenberg (1975) , Stark, Iannaccone and Finke (1996) , and Iannaccone (1998) , who contend that religion or involvement in religious activities should be treated by economists as a rational choice. Sacerdote and Glaeser (2001) present empirical support for the notion that religious beliefs and education are in fact substitutes. In a similar vein, Schumpeter (1949) comments on the role of ideology in the scienti¯c process and discusses how ideology in°uences the search for \facts" in economics. In his address to the American Economic Association, he concludes:
\There is more comfort in the observation that no economic ideology lasts forever and that, with a likelihood that approaches certainty, we eventually grow out of each. This follows not only from the fact that social patterns change and that hence every economic ideology is bound to wither but also from the relation that ideology bears to that pre-scienti¯c cognitive act which we have called vision. Since this act induces fact¯nding and analysis and since these tend to destroy whatever will not stand their tests, no economic 1 North (1981, p. 49) .
2 See Anderson (1988) for a more thorough analysis of Adam Smith's discussion of religion in The Wealth of Nations. 1 ideology could survive inde¯nitely even in a stationary world. As time wears on and these tests are being perfected, they do their work more quickly and more e®ectively. But this still leaves us with the result that some ideology will always be with us so, I feel convinced, it will. But this is no misfortune...[T]hough we proceed slowly because of our ideologies, we might not proceed at all without them."
In this paper, we incorporate ideology into an endogenous growth model. We present an overlapping generations model that examines how individuals make decisions when they have incomplete knowledge of the world. We develop the idea that individuals adopt ideologies to complement their formal learning in order to form working hypotheses about facts that their schooling does not fully explain. In other words, individuals adopt ideologies to help them conjecture about the way their world works when formal schooling exposes them only to a portion of this knowledge. The more ideologies accurately reveal what cannot be learned through schooling, the more \fact-consistent" they are.
3 We embed this idea in an endogenous growth model and show how education and ideology interact to in°uence technological progress and growth.
This approach allows us to draw several interesting conclusions. First, we show how economies that initially have ideologies which are more consistent with reality are likely to accumulate more human capital (hereafter interchangeably referred to as knowledge), and consequently, experience faster technological progress and growth. Second, and somewhat paradoxically, we demonstrate that those economies that start out with relatively more fact-consistent ideologies are the ones likely to experience a weakening support for their ideologies. However, support for°exible ideologies that evolve over time remains high even in the long run. Third, the model highlights an important two-way interaction between education and ideology in which ideology a®ects the e±ciency of education in learning facts about the world, and education a®ects ideological interpreta-tions. In fact, it is this very interaction which primarily determines whether ideologies are°exible enough to survive in the long run. Fourth, based on the interaction between education and ideology, we also demonstrate that there exist circumstances in which a°a wed ideology is better than no ideology. That is, even when an ideology is°awed such that schooling reveals more knowledge than what an ideology can o®er when one subscribes to it, we¯nd that it is possible for the stock of human capital to be higher compared to the case in which one does not subscribe to any ideology. 4 And¯nally, our results suggest that technological advances will reduce the frequency with which new and widely-accepted ideologies emerge.
In what follows we describe a two period overlapping generations model where labor productivity and income depend on the e±ciency of labor. Individuals have the option to subscribe to a prevailing ideology when young. Ideology supplements education by enabling individuals to develop a more comprehensive view of the world even when only incomplete knowledge is gained from education. Thus, if an ideology provides its adherents relatively more accurate conjectures about facts which were not learned through formal human capital investment, it can enhance their e±ciency units of labor.
Individuals choose to subscribe to an ideology if it increases their e±ciency units of labor and, therefore, their consumption.
Because pro¯ts from invention are higher when workers are more productive, more fact-consistent ideologies will be associated with higher levels of human capital, higher rates of technological progress and faster growth. 5 And since the level of technology is also a determinant of the e±ciency of education in learning the true facts about the world, relatively more fact-consistent ideologies that initially generated higher levels of technology may become obsolete due to substitution between ideology and education.
In other words, as technological progress makes education more e±cient in learning about the world, an unchanging ideology may become less useful and can eventually be abandoned. Only when ideologies are°exible enough so that its adherents' ideological inferences respond to changes in prevailing scienti¯c knowledge, do ideologies survive in the long run. In turn, it is these types of ideologies that inevitably lead to sustained technological progress.
While the prediction that in°exible ideologies could face a decline in the face of scienti¯c and technological advances is not new{as their variants can be traced back to Hume (1911) and Comte (1855) who argued as such speci¯cally with respect to religion{ supportive empirical evidence has recently begun to emerge. For example, Sacerdote and Glaeser (2001) ¯nd that religious attendance rises sharply with education across individuals but that it declines strongly with education across denominations. They
show that denominations are fundamentally de¯ned by their religious doctrines and that the highly educated are likely to switch into \low belief" denominations.
Our paper is related to a number of others that have studied the determinants of economic growth and development in the very long run. 6 As an endogenous growth model, our work can also be linked to others that have examined the relationship between incentives to innovate and the human capital stock. 7 Our paper is distinct, however, because we highlight the e®ect of the cultural or ideological environment in this process.
In our paper, ideology a®ects the e±ciency of human capital accumulation which ultimately determines the incentive to innovate and the level of technology. At the same time, technology a®ects ideology through its impact on the e±ciency of learning. Thus, there is an important feedback loop through which ideology, human capital accumulation and technological innovation interact.
Despite the fact that we do not explicitly model the interplay between individuals' ideological choices and the collective determination of institutional features, our model is also related to work on institutions and economic development. The paper is structured as follows. Section 2 discusses and justi¯es the basic building blocks of our model. Section 3 sets up the basic model and describes the role and the determination of ideology. Section 4 considers the dynamic evolution of this economy. Section 5 discusses implications of the model, and Section 6 concludes.
The Building Blocks
Our model rests on the following key assumptions:
I) Both ideology and knowledge augment the e±ciency of labor supply. The most direct empirical evidence was recently provided by Sacerdote and Glaeser (2001) (1930) . 10 As presented in Section 3.2, our results do not rely on perfect substitution between ideology and human capital.
11 For more details, see Barnouw (1981) and Osler (1970) . Also, many others have argued that religion and science play complementary roles in advancing knowledge. Both Newton and Einstein were religious Smith and, more recently, North (1981, p.47) 12 In e®ect, they attempt to develop a new set of rationalizations that are a better`¯t' with their experiences."
In this spirit, we do not assume that all ideologies have the same economic impact.
We allow for some ideologies to be more fact-consistent and generate higher productivity.
Of course, the interaction between ideology and human capital accumulation does not preclude ideology from having detrimental e®ects on labor productivity once human capital reaches a certain level.
men, and Einstein credited religion with a role in sciencti¯c advancement when he said \Religion without science is blind. Science without religion is lame." [See Davies (1983) .] Foster (1934) provides several examples of the in°uence of religion on science when he argues that belief in creationism actually allowed the birth of modern physics because it allowed scientists to abandon the Aristotilian methods that attempted to study nature by intuitive induction and to de¯ne its \essence." Foster argues that once scientists started with the presumption that nature was created by God, they adopted methods that allowed scientists to discern the properties of natural substances by observation and experimentation. 12 An example that perhaps best exempli¯es such fact-inconsistent ideologies that were bene¯cial up to a point is the Quetzalcoatl myth. The patron of learning and magic for the Aztecs, Quetzalcoatl is believed to have represented the quali¯ed unity of many pre-Columbian cultures and the continuity of their traditions. Thus, although adherence to this ideology facilitated the exploitation of the Aztecs by the Spanish explorer Cortes which eventually led to their downfall, belief in this ideology did initially help to create an advanced pre-Columbian civilization. [See Carlton (1977) .]
Stephen (1876) gives examples of other ideologies that were adopted for their usefulness but are clearly fact-inconsistent today: Greek sailors gained an understanding of storms through their belief in the diety Proteus and ancient races adopted ideologies that assumed an order of nature and gave some understanding to the recurrence of times and seasons. Ancient believers in astrology also gained useful information for planting and harvesting as many constellations are associated with seasonal weather patterns.
A¯nal example, to take a contemporary one, is communism. One could argue that adherents to this ideology adopted a view of the world that was useful in some context, but that the recent downfall of communism due, at least in part, to the stagnant or declining living standards proved this ideology to be fact-inconsistent as well.
6 II) Education is more e±cient when technology is more sophisticated. In our model the level of technology is a result of successful R&D e®orts and, therefore, is a proxy for the stock of scienti¯c knowledge in the economy.
13 When the stock of scienti¯c knowledge is higher, schooling yields greater knowledge to the students. In other words, as technology advances education becomes more productive. This assumption is similar to one originally made by Romer (1990) in which the growth of human capital is increasing in the stock of human capital.
III) Knowledge may a®ect ideological interpretations. We allow individuals with di®erent levels of knowledge but the same ideology to make di®erent inferences about the world.
This assumption closely matches the ideas in Schumpeter's 1949 address to the American Economic Association in which he describes a process where ideology inspires scienti¯c investigation and higher levels of knowledge will lead to more accurate interpretation.
Combined with the possibility that ideological beliefs may a®ect the human capital accumulation process, this generates a feedback loop between ideology and human capital.
Although most of the results we present below are not predicated on this relationship, its existence leads to interesting dynamics in our model.
In the following two sections, we build these assumptions into an endogenous growth model and study their implications for growth in the standard of living as well as the long-term survival of ideologies.
The Economy

Production
Consider an economy in which real economic activity extends over an in¯nite discrete time. Production is carried out by a continuum of¯rms indexed by j, j 2 [0; 1]. In each period t,¯rms produce a single homogenous good, y j t , using a machinery aggregate, M j t , and a labor aggregate, L j t , with the following constant returns to scale production technology:
More accurately, higher levels of technology indicate that researchers have adapted current scienti¯c knowledge into commercially viable products.
14 We employ a speci¯c Cobb-Douglas form for the determination of output because it helps to generate iso-elastic demand for machinery which in turn leads to constant monopoly markups and simpli¯es the analysis of technology adoption. Our qualitative results are not dependent on this speci¯c functional form.
The machinery aggregate, M t , embodies the quantity as well as the quality (i.e., technological sophistication) of machines. 15 By de¯nition, aggregate output at time t,
The labor market is competitive. Thus, the wage rate paid to labor, w t , equals its marginal product:
Individuals
Individuals, who are identical, live for two periods in overlapping generations. In the¯rst period of life, they get educated, and in the second period, they work and consume. Preferences are represented by a utility function that is linear in consumption in the second period. 16 There is no population growth.
Individuals have the option to subscribe to one ideology chosen from a set of available ideologies.
17 Following the de¯nition provided by North, we assume that ideologies enable individuals to make broad judgements regarding the environment in which they operate and about which individuals have, at best, incomplete factual knowledge. To capture this notion more speci¯cally, we will let ª represent the superset of knowledge.
This set includes all knowledge relevant to the production environment. 18 Education allows individuals to learn a subset of ª. Speci¯cally, ª is an ordered set with elements,
, where ¹ Ã 2 (0; 1). For simplicity, we assume that the elements of ª can be learned sequentially in order of complexity. In particular, once an individual has knowledge of the element with orderÃ;Ã 2 [0; ¹ Ã], we assume that they have knowledge of all elements with order less thanÃ. Then, an individual's human capital, h t+1 , is the maximum comprehended element in ª: This maximum is determined by both formal education acquired when young and the ideological inferences when old. This formulation can be summarized as
where Á t ; Á t > 0, denotes the underlying level of technological sophistication of the economy in period t, and Ã k t+1 is the maximum element in ª correctly inferred through adherence to ideology k, k 2 [0; ·].
19 20 In (3), the function e(:) describes the process through which the sophistication of technology and ideology jointly determine the productivity of formal education. It is twice-di®erentiable, continuous and satis¯es the following: e(0; Ã k t+1 )¸0; e(1; Ã k t+1 ) = 1, e Á ; e Ã > 0; e ÁÁ ; e ÃÃ · 0, and e ÁÃ ; e ÃÁ¸0 : Note that we do not assume e(Á t ; 0) = 0; i.e., individuals can still learn some of the elements of ª through schooling even if they do not subscribe to an ideology. 21 The process of learning de¯ned above implies that h t+1 is in the interval [0; ¹ Ã]: Moreover,
; when e Ã > 0; a person's ideology in°uences his/her learning, and that when e Ã = 0, the process of learning is independent of ideological inferences and interpretations.
In equation (3), higher values of Ã k t+1 imply that ideology k allows a larger portion of ª to be correctly inferred. Letting I k , I k : R + ! R + , represent a mapping from an individual's human capital h t+1 to the knowledge superset ª for ideology k; we assume that
where
; and I k hh · 0: Equation (4) suggests that a given level of human capital would generate di®erent inferences about the knowledge superset ª under di®erent ideologies.
Taken together, equations (3) and (4) highlight how ideology and human capital interact with each other. Equation (3) shows how the e±ciency of formal education is related to the choice of ideology; individuals who have adopted more fact-consistent ideologies will gain more knowledge through schooling. Equation (4) shows that knowledge gained through ideology depends on two factors. One, the chosen ideology, and two, knowledge accumulated through formal schooling. Because we allow I k h > 0, we let individuals with di®erent levels of education but the same ideology to make di®erent inferences. Thus, knowledge gained through schooling and knowledge gained through choice of ideology are simultaneously determined.
Remark 1: (i) 8 h t+1¸0 ; higher I k h ; implies that the mapping I k (:) is more \e±cient" at that level of h t+1 and that ideological inference Ã k t+1 is more accurate: (ii) Higher human capital elasticity of ideological inference,
Part (ii) of Remark 1 simply indicates that, if the ideological interpretations of two individuals with di®erent levels of human capital but the same ideology are exactly the same, then this particular ideology is perfectly in°exible. We should point out that although we call an ideology \°exible" if it produces more accurate predictions with higher levels of human capital, the°exibility of ideologies is only a long-run concept.
For a speci¯c individual within our economy, once ideology k is adopted, it generates a particular Ã k t+1 . In other words, we do not allow ideologies to be \°exible" for speci¯c individuals.
When individuals subscribe to an ideology, their e±ciency units of labor supply in period t+1, l t+1 , depends on a combination of their human capital, h t+1 , and their chosen ideology with which they make broader inferences about their environment. Although both schooling and ideology allow individuals to learn facts about the world, the way those facts are learned can a®ect the application of them in the production environment.
In other words, we do not impose that facts learned through schooling and facts learned through ideology are perfect substitutes in production. Let h 0 t+1 denote an individual's human capital when he subscribes to no ideology at all. Then, his \ideology-adjusted" e±ciency units of labor, l t+1 , is given by the following: 
where the function l(:) is homogenous of degree one and satis¯es the following:
Proof: Both (i) and (ii) follow directly from l(:) being homogenous of degree one, e Ã ; l h ; l Ã > 0; l hh ; l ÃÃ · 0, and l hÃ , l Ãh¸0 : 2
In words, part (i) of Remark 2 implies that, when an ideology k provides additional knowledge above and beyond what is learned through schooling (so that h t+1 > h 0 t+1 ); it enhances the e±ciency of labor supply. In addition, the more accurate and revealing ideological inferences, the larger is the impact of ideology on the supply of labor. Interestingly though, as part (ii) of Remark 2 indicates, even when an ideology is°awed in that Ã k t+1 < h 0 t+1 , it may still enhance the e±ciency of labor. The reason for this is that ideological inference, Ã k t+1 , a®ects the process of schooling and the accumulation of human capital, h t+1 . Moreover, despite the fact that schooling reveals more knowledge than what an ideology k can o®er when one subscribes to it, the stock of human capital is still higher than that when one does not subscribe to any ideology. Thus, in this sense, there exists circumstances under which a°awed ideology is better than no ideology.
Given that the utility function is linear in consumption in the last period, c t+1 , individuals choose an ideology k in order to maximize c t+1 subject to c t+1 · w t+1 : l t+1 ; k 2 [0; ·], and equations (2) 
and,
Equation (6) indicates that an individual subscribes to the ideology k, k 2 (0; ·], that maximizes his ideology-adjusted units of e±ciency units of labor, l t+1 : 23 Equation (7) implies that the chosen ideology is such that, given the interpretation it provides, it helps positively augment the individual's human capital level, h t+1 : Otherwise, the 23 Given that Ã k t+1 depends on the level of human capital and we allow ideologies to di®er in their°e xibility, it could be the case that the ideology that gives the highest Ã changes as the level of human capital increases. We discuss this possibility more thoroughly in Section 4 when we discuss the dynamics of the economy.
individual¯nds it optimal to subscribe to no ideology at all.
24
Proposition 1: If ideologies are in°exible so that their human capital elasticity of ideological inference, I k h (h=I k ), is less than unity, then 9Á, 0 ·Á · 1; such that, 8 Á t ·Á, individuals subscribe to ideology k ; and 8 Á t >Á; individuals subscribe to no ideology k; k 2 [0; ·].
, and individuals are indi®erent to subscribing to ideology k when Á t = 1, in which caseÁ
, and individuals prefer to subscribe to no ideology. However, when Figure 1 .a demonstrates that, when Á t <Á; the stock of human capital is bounded from above at ¹ Ãe(Á t ; Ã k max ); which is strictly less than Ã k max : The latter, of course, is the upper bound of the support for ideological inference
Thus when the level of the technology is relatively
24 There are historical examples in which one society forced its ideology onto others. Even today, there exist social costs of abandoning the ideology of family or those of the social group within which one operates. We could incorporate the latter into our model with some switching costs, and one of the ways the former can be captured is by including the odds of survival in the utility function. In a sense, those societies which accepted by force others' ideologies were maximizing their utility via ensuring survival. In either case, maximizing economic e±ciency might not be paramount in the choice of ideology. However, our model would still be useful in understanding the consequences of adopting a less fact-consistent ideology: lower human capital and slower technological progress. low such that Á t <Á, the bene¯ts of education is relatively limited and subscribing to ideology k strictly improves individuals' overall productivity and raises the e±ciency of their labor supply. In contrast, Figure 1 .b shows that, when the level of technology is more sophisticated so that Á t >Á; the upper bound of the support for human capital, ¹ Ãe(Á t ; Ã k max ), is much higher and has the potential to exceed the upper bound of the support for ideological inference Ã k max : As a result, when technology is relatively advanced so that Á t >Á, education is relatively more rewarding and subscribing to ideology k does not improve individuals' overall productivity and their e±ciency labor supply.
[ Figures 1.a and 1.b about here.]
Note that, since all individuals are identical and the population is normalized to one, the aggregate units of ideology-adjusted e±ciency labor, L t+1 , equals l t+1 : Let
ª . Taken together with (3)- (5) and Proposition 1, this implies that
The Technology
In addition to the labor aggregate, L t , machines are also an important part of the production process and, as we show in this section, their technological sophistication will ultimately depend on L t . The formulation of the machinery aggregate which we describe below follows the standard speci¯cation employed in Acemoglu (1998) . In this section we lay out a framework to establish: 1) The demand for machines and the pro¯tability of R&D in new technology increase with the level of technology embedded in the machines and in the level of the labor aggregate, L t ; and 2) The probability of new inventions increases with the expected pro¯tability of R&D. Taken together with the role of ideology in formulating the labor aggregate, these two relationships imply that more fact-consistent ideologies (those with higher Ã k t+1 's) will be associated with a higher probability of technological advancement. 25 More speci¯cally, we assume that¯rms must purchase new machines in every period t because machines depreciate fully in one period. Let q t denote the quantity of machines utilized in production at time t. The machinery aggregate used in production at time t, M t ; embodies both the quantity and the technological sophistication of machines:
A new invention moves the underlying quality per machine one step up the quality ladder. In particular, when there is an invention, the technology level Á t increases such that Á t = ¹ gÁ t¡1 , where ¹ g > 1. 
The Adoption of New Technologies
The decision of a¯rm j; j 2 [0; 1]; is max
where p t denotes the price per machine; which the¯rm takes as given. The solution to this problem yields, 8 j 2 [0; 1];
As (11) Given that older vintages of technology are always available at a lower price, there is no guarantee that¯rms will prefer to buy machines which incorporate the newest technology at a monopoly price. Firms will only be willing to pay a premium for new technology if the resulting increase in e±ciency is large enough. Even when the net e±-ciency gains warrant¯nal-goods producers to switch to the newest technology machines, however, the monopolist may not be able to charge c=®; which is the unconstrained optimal monopoly price given the isoelastic demand for machines de¯ned by (11). Hence, the monopolist's markup, p t =c, would equal the smaller of 1=® and that which would make¯nal goods producers indi®erent between buying newer machines sold at monopoly markups.
Lemma 1:
Proof: Final-goods producers utilize machines with the lowest quality adjusted price. They can acquire older vintage machines which embed technology Á t¡1 at marginal cost c: They can buy machines with newest technology Á t at the monopoly price p t : Comparing p t =Á t with c=Á t¡1 we¯nd that¯nal-goods producers choose to buy machines with older technologies if p t · ¹ gc:
We have chosen to maintain a constant marginal cost for machine production to keep the analysis focused on the relevant dynamics. If the cost of machine production was allowed to vary over time, increased sophistication of the technology would argue for an increasing cost but higher production e±ciency could have a potentially o®setting e®ect.
Note that, the monopoly price of machines that embed newly discovered technologies is non-decreasing in improvements in the technology level, Á t . Moreover, Lemma 1 implies that monopolists' pro¯ts are smaller when they cannot charge the unconstrained optimal monopoly markup, 1=®.
Lemma 2: (i)
Proof:
¤
Equilibrium R&D E®ort
Improvements in the sophistication of technology are the result of R&D carried out by research¯rms which use the¯nal consumption good as their only input. In any given period t, there exists a¯nite number of exogenously given R&D¯rms, N, who behave competitively. Let¸t denote the economy-wide probability that a new invention will actually occur in period t. We assume that this probability depends positively on aggregate resources spent on R&D:¸t
where ! t is the aggregate resources spent on R&D in period t: The function¸t is such that¸0 > 0;¸0 0 · 0,¸t(0) = 0;¸t(1) = 1 · 1.
28
28 In this speci¯cation, resources determine the probability of a change in the level of technology, independent of the prevailing ideology. In equilibrium, of course, ideologies that are less fact-consistent (lower Ã k t+1 ) will be associated with lower levels of technology overall.
If aggregate R&D activity is successful in advancing the economy-wide level of technology in use, the probability that any given R&D¯rm lands the monopoly rights to sell new technology machines depends on the relative share of resources the¯rm spends on R&D, ! n t =! t ; (n = 1; 2; 3; :::; N). Put di®erently, conditional on the fact that a technological improvement has occurred in any period t, the odds of a particular R&D rm n being the inventor of that new technology depend positively on its R&D spending relative to total R&D expenditure, ! n t =! t . Monopolists' patents expire after one period. Thus, if the technology does not become obsolete after one period, consumption-goods¯rms can replace existing machines at their marginal cost, c. (Because machines depreciate fully in one period, producers must purchase new machines in each period.) The decision of an R&D¯rm, n, n = 1; 2; 3; :::; N; is max
where¸t¼ t (! n t =! t ) denotes the expected monopoly pro¯ts from a new invention, B; B > 0; is the marginal cost of the R&D e®ort in terms of the consumption good 29 , and
Proposition 2: A solution to the problem speci¯ed above exists and, 8n = 1; 2; 3; :::; N; one is given by! n t =¸t
where (17) implicitly de¯nes! n t as¸t =¸(N! n t ):
29 The main results of this paper are not dependent on the constant marginal cost assumption either. As in a number of other related papers, one could assume that the marginal cost of R&D e®ort is a function of the sophistication of existing technology based on the notion that as the underlying technology improves, it gets more or less costly (in terms of the¯nal consumption good) to improve it.
Proof: See Appendix, Section 7.1.
¤
Not surprisingly, aggregate equilibrium R&D e®ort in inventive activity,! t ;! t = N! n t , is increasing in monopoly pro¯ts from that invention or innovation.
30
Proposition 3: 8n = 1; 2; 3; :::; N;
Proof: See Appendix, Section 7.2.
The Dynamics
In this model, the dynamic evolution of the economy will be determined by the underlying level of technology, Á t , where
with probability¸t, Á t¡1 with probability 1 ¡¸t;
30 By assumption, there is free-entry into research and development by relatively small¯rms. Thosē rms ignore their impact on both the economy-wide probability of success in generating new inventions and the total number of R&D¯rms (which in turn a®ect the conditional odds of landing monopoly rights). If there had been one large¯rm engaged in R&D, it would have taken into account the e®ect of changes in its R&D resources, ! t , on the probability of invention,¸t, but the qualitative nature of the results would have been una®ected. Similarly if there had been barriers to entry into the R&D sector which would have restricted the number of¯rms engaged in research and development, we would have had to consider a game-theoretic solution but again the qualitative nature of the main results would have remained intact.
Proposition 4: 8t¸0 , the set of available ideologies, [0; ·], a®ects the evolution of the state variable Á t ; which in turn determines the stochastic dynamic evolution of the economy.
Proof: Due to Remark 1 and the assumption l¸> 0, the more e±cient the mapping I k (:), the higher is the e±ciency units of labor, L t . Due to Lemma 2, @¼ t =@L t > 0. Given Proposition 3, (@! n t =@¼ t ) j! n t =! n t > 0: Thus, 8 h t¸0 , the more accurate the mapping I k (:), the higher the probability of invention,
As the above proposition implies, the dynamics of the economy described above will be in°uenced to a signi¯cant extent by the initially available set of ideologies{and in particular, the e±ciency with which these ideologies help individuals come to terms with the environment in which they conduct their economic activities. If there exists an
, that provides its adherents relatively more accurate conjectures about facts which were not learned through formal human capital investment, it enhances the supply of e±ciency labor in that economy. Because pro¯ts from invention are higher when workers are more productive, more fact-consistent ideologies will be associated with higher levels of R&D investment and higher likelihood of even more inventions.
Of course, the invention of more sophisticated technologies, in turn, stimulates further increases in R&D, human capital investment, and faster growth. As we noted earlier in our introduction, however, because the current level of technology is also a determinant of the e±ciency of education in learning the true facts about the world, more fact-consistent ideologies that initially produce higher levels of technology may also become obsolete.
In other words, as technological progress makes education more e±cient in learning about the world, an unchanging ideology may eventually be abandoned. 31 Whether that ideology is abandoned for another ideology or for no ideology at all depends on whether alternative ideologies provide more accurate inferences (higher Ã k t+1 ) at the higher level of human capital.
32
Not surprisingly, the long-term survival of an ideology depends on not only whether it enables its subscribers to reach inferences that are relatively more consistent with existing factual knowledge, but also whether it is°exible enough over time that its subscribers' inferences do not become highly at odds with the increasing stock of knowledge. When ideologies are relatively°exible so that its adherents' ideological inferences respond to changes in prevailing scienti¯c knowledge, they will survive in the long run. In turn, they will inevitably lead to sustained technological progress. To elaborate further, take two ideologies that are relatively fact-consistent but that di®er in their°exibility. Both will lead to more e±cient labor and, as a result, faster technological progress. The di®erence is that the in°exible ideology provides its adherents inferences that are relatively similar for di®erent levels of human capital. Education becomes more fruitful with improvements in the level of technology in the sense that a 32 To illustrate an example of the switch from one ideology to another let
b where a < b for some d 6 = k. In this case, ideology d provides inferior inferences when h t+1 is low but superior inferences when h t+1 is high. In particular, there existsh > 0 such that, Ã higher fraction of the knowledge superset can be revealed through formal learning when technologies are relatively more sophisticated. Consequently, as technological progress makes education more e±cient in learning about the world, the economic bene¯ts of subscribing to an in°exible ideology decline more quickly with improvements in technology.
As a result, such an ideology will be abandoned sooner compared with a more°exible ideology. The latter, of course, allows its adherents to reach inferences that capture a greater fraction of the knowledge superset as their human capital expands in response to improvements in the technology level. Thus, it remains economically useful for a longer period of time.
[ Figure 2 about here.]
Implications and Further Discussion
The model laid out above has a number of speci¯c implications, some of which we have already discussed. In this section, we highlight the major ones more formally and present the supporting evidence that are relevant to each. I) Technological advances will lead to lower (higher) support for ideologies that impede (enable) their followers from adjusting their ideological inferences accordingly.
As we stated in our introduction, Comte and Hume originally promoted the strictest form of the idea that scienti¯c knowledge dispels religious beliefs. Since our model allows ideologies to di®er in their°exibility of interpretation, its relevant implication is subtler:
The popularity and the following of the more fervent ideologies would decline in the face of improvements in technological sophistication. In fact, as Sacerdote and Glaeser show, more educated individuals sort into less dogmatic religious denominations. They note that most of these less fervent denominations provide their followers more°exibility, for example, in interpreting the connections among religiosity, worldly success and spiritual rewards after death. II) In°exibilities in ideological interpretations will lead to depressed worker productivity, slower economic growth and development. As summarized in Remark 1, we allow for ideological interpretations to be in°uenced by the human capital level of individuals who subscribe to them (i.e., for ideologies to di®er in their°exibility of interpretation). In addition, in our setup, knowledge (or human capital) accumulation speeds up during periods of rapid technological change. This suggests that epochs of invention may lend themselves to the emergence of new ideological 33 See, for example, Mokyr (1990) and Landes (1998 Landes ( , 2000 . 34 Weil (forthcoming). 35 See Hale (1993) . 36 Rosenberg and Birdzell (1986) . norms and practices. In fact, as observes, the Industrial Revolution \created impersonal factor and product markets and broke down old ideological loyalties... [It] was characterized by sustained e®orts to develop new social and ethical norms." V) Widespread adoption of new ideologies is more frequent the less sophisticated the technology.
As Proposition 5 suggests, another implication of our model is that the process of economic development will narrow down the feasible set of ideologies over time. The reason is that the subset of productivity-enhancing ideologies in the continuum [0; ·] gets smaller as the technology parameter Á t improves due to new inventions. 37 Analogously, the set of feasible, productivity-enhancing ideologies may be larger when time devoted to formal schooling is not particularly rewarding{as would be the case when existing technologies are rather primitive. When that is the case, of course, it is more likely that any given ideology k; k 2 [0; ·], is productivity enhancing despite the inherent inconsistencies of this particular ideology with facts that are yet to be revealed.
Conclusion
Ideologies serve a purpose. They allow generalizations about the complex environment within which individuals operate when knowledge is incomplete. From this perspective, it seems imperative to analyze the dynamics of human capital accumulation{ and how these dynamics might be related to technological change{in conjunction with individuals' ideological choices and interpretations.
In the model presented in this paper, we focus on this interplay during the process of development. We construct an endogenous growth model in which technological progress raises the e±ciency of time allocated to education and in which knowledge and ideology play complementary roles in determining individuals' e±ciency units of labor supply. Education allows individuals to learn more about their environment, and ideology helps them to adopt a broader view of the latter about which they acquire incomplete information via education.
Our results demonstrate how ideologies that are more consistent with reality are 37 Note that, as Equation (7) likely to foster human capital accumulation, technological progress and economic growth.
Somewhat paradoxically, we also show that relatively more fact-consistent ideologies are the ones likely to experience a weakening support in the long run. In our model we emphasize an important two-way interaction between education and ideology. This interaction plays a crucial role in determining whether ideologies are°exible enough to survive in the long run. Based on the interaction between education and ideology, we show that there exists circumstances in which a°awed ideology is better than no ideology. And¯nally, our model suggests that the frequency with which ideologies are adopted and spread is decreasing in the sophistication of technology.
In sum, we unify existing work that shows the mutual dependence of choices regarding ideology and human capital with that on the link between human capital and long-run economic performance. In doing so, we underline the importance of ideologies in leading to di®erential growth and development patterns across countries over time. For each¯rm, n, n = 1; 2; 3; :::N; which takes as given the aggregate amount of resources devoted to R&D in inventive activities, ! t , the following hold: Given that all R&D¯rms are identical, ! t = 0 and ! t = 1 cannot hold in equilibrium, and ! t 2 (0; 1) has to hold. And ! t = N! n t ; ! t 2 (0; 1), is a non-trivial equilibrium outcome. 
